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VIDEO GAME WITH FAST FORWARD AND 
SLOW MOTION FEATURES 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a division of U.S. Patent Application No. 09/606,212, 
filed June 29, 2000, the content of which is incorporated by reference herein in its 
entirety, 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a recording medium, a game display 
method and a game display apparatus having a program for forming images 
constituting a video game. 

2. Description of Relevant Materials 

[0002] In recent years, there have been developed video games employing 
advanced technologies. In these games, display objects (as will be called the 
"objects" for simplicity) such as persons, machines, tools, buildings or backgrounds 
are displayed in a three-dimensional virtual space on the screen. 
[0003] In the video game, the image forming operations are repeated several tens 
of times for one second so that still images (as will be called the "frame images") of 
several frame groups are formed for one second. The group of frame images thus 
sequentially formed are written altemately in a pair of frame buffers. The frame 
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images thus written are read out from the pair of frame buffers and displayed in a 
display unit in accordance with a predetermined frame image display period (as may 
be simply called the "frame period") determined by the display unit. 
[0004] Of the objects thus displayed, the character imitating a person can also be 
moved according to the operation of the player. Generally, however, the progressing 
speed (i.e., the speed at which all the objects on the screen move) of the game on the 
screen is determined by the game program. 

[0005] If this progressing speed could be changed according to the taste of the 
player, it would be expected that the game could be enjoyed in various manners. 
[0006] According to the content of the game, for example, similar scenes may 
appear repeatedly many times. If these screens were repeatedly displayed at the same 
progressing speed, the player would lose interest. As in the quick-advance 
reproduction fiinction belonging to the VTR (Video Tape Recorder), therefore, there 
has been desired an image reproduction method in which the progressing speed of the 
game can be changed by the operation of the player. 

SUMMARY OF THE INVENTION 
[0007] An object of the invention is to provide a game display method, a game 
display apparatus and a recording medium, which are suited for changing the 
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progressing speed of a video game to a desired value in accordance with the operation 
input of a player. 

[0008] In order to achieve the above-specified object, according to an aspect of the 
invention, there is provided a game display method for a frame display in synchronism 
with a reference signal produced for a constant period, comprising: inputting a key 
signal indicating a display speed in response to an operation input; determining the 
number of frames to be processed between a first reference signal and a second 
reference signal, as consecutively produced, in accordance with a display speed based 
on the input key signal; and synchronizing the last frame display when the frame 
display is made at the determined frame number, with said second reference signal. 
[0009] According to the game display method of the invention, in response to the 
operation input of the player, the progressing speed of the game, as displayed on the 
screen, can be changed to one different from the ordinary game progressing speed. 
[0010] Specifically, the frame display is synchronized with said second reference 
signal after at least one frame image can be displayed repeatedly a number of times 
according to the determined frame number. 

[0011] Altematively, the frame display is synchronized with said second reference 
signal after a number of frame images, based upon the determined frame number, are 
skipped.. 



3 



P24672.S01 

[0012] Moreover, the frame display can be synchronized with said second 
reference signal after frame images generated in response to the operation input are 
displayed repeatedly a number of times according to the determined frame number 
and after a number of frame images, based upon the determined frame number, are 
skipped. 

[0013] More specifically, the game display method fiirther comprises: adjusting the 
progressing speed of a musical composition to be output, according to the determined 
frame number. 

[0014] According to another aspect of the invention, there is provided a computer 
readable recording medium having a program recorded for a video game to be 
executed by a computer for a frame display in synchronism with a reference signal 
produced for a constant period, wherein said program causes said computer to 
perform: inputting a key signal indicating a display speed in response to an operation 
input; determining the number of frames to be processed between a first reference 
signal and a second reference signal, as consecutively produced, in accordance with 
a display speed based on the input key signal; and synchronizing the last frame display 
when the frame display is made at the determined frame number, with said second 
reference signal. 

[0015] According to the recording medium of the invention, there is obtained a 
program by which in response to the operation input of the player, the progressing 
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speed of the game, as displayed on the screen, can be changed to one different from 
the ordinary game progressing speed. 

[0016] For example, the frame display is synchronized with said second reference 
signal after at least one frame image is displayed repeatedly a number of times 
according to the determined frame number. 

[0017] Moreover, the frame displiay can be synchronized with said second 
reference signal after a number of frame images, based upon the determined frame 
number, were skipped. 

[0018] Also, the frame display can be synchronized with said second reference 
signal after the frame images generated in response to the operation input are 
displayed repeatedly a number of times according to the determined frame number 
and after a number of frame images, based upon the determined frame number are 
skipped. 

[0019] More specifically, the recording medium fiirther comprises: adjusting the 
progressing speed of a musical composition to be output, according to the determined 
frame number. 

[0020] According to a desired aspect of the invention, there is provided a computer 
readable recording medium having a program recorded for a video game to be 
executed by a computer, wherein said program comprises: forming a plurality of 
frame images constituting the video game sequentially; displaying the plurality of 
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frame images, by switching the frame images from a frame buffer; predicting the 
formation time periods of said frame images when said frame images are individually 
formed; determining the game progress to be made by said frame images, in 
dependence upon the formation time periods of said frame image, as predicted; and 
changing said determined game progress determined, in response to the operation 
input by a player. 

[0021] More specifically, said prediction step predicts one of the formation time 
periods of said frame images which are expressed in the units of the frame image 
display period of the shortest period of switching the displays of said frame images 
at said display step, as the individual formation time periods of said frame images. 
[0022] According to another desired aspect of the invention, there is provided a 
computer readable recording medium having a program recorded for a video game to 
be executed by a computer, wherein said program comprises: forming a group of 
frame images constituting the video game sequentially; displaying the group of frame 
images by switching the frame images from a frame buffer; metering the formation 
time period of each preceding frame image before each of the group of frame images 
when said frame image just before is formed; determining the game progress to be 
made by said frame image, in dependence upon the formation time periods of said 
preceding frame image, as metered when the group of frame images are individually 
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. formed; and changing said determined game progress, in response to the operation 
input by a player. 

[0023] According to still another desired aspect of the invention, there is provided 
a computer readable recording medium having a program recorded for a video game 
to be executed by a computer, wherein said program comprises: forming a group of 
frame images constituting the video game, sequentially in synchronism with the ends 
of the formations of the individually preceding frame images; displaying the group 
of formed frame images, such that the group of frame images formed by said 
formation step may be switched from a frame buffer and displayed after one of the 
individual formation ends of the group of frame images in synchronism with a 
predetermined clock signal having a frame image display period of the shortest time 
period for switching the displays of the group of frame images; predicting the 
formation time periods of the group of frame images when said frame images are 
individually formed; determining the game progress to be made by said frame images, 
in dependence upon the formation time periods of said frame images, as predicted; 
and changing said determined game progress, in response to the operation input by 
a player. 

[0024] More desirably, the formation of a next frame image begins after finishing 
formation of the group of frame images in synchronism with said clock signal. 
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[0025] According to a further aspect of the invention, there is provided a game 
display apparatus, comprising: a computer-readable recording medium recorded with 
a program for processing a frame display in synchronism with a reference signal 
produced for a constant period; a computer for reading and executing at least one 
portion of the program from said recording medium; and a display for displaying a 
video game to be realized by said program, wherein said computer reads said at least 
one portion of the program from said recording medium, and wherein said computer, 
in executing said at least one portion of the program from said recording medium: 
receives an input of a key signal indicating a display speed in response to an operation 
input; determines the number of frames to be processed between a first reference 
signal and a second reference signal, as consecutively produced, in accordance with 
a display speed based on the key signal input[ted] by said controller; and 
synchronizes the last frame display when the frame display is made at the frame 
number determined by the processing unit with said second reference signal. 
[0026] According to the game display apparatus of the invention, the progressing 
speed of the game on the screen can be changed in response to the operation input of 
the player. 

[0027] The present disclosure relates to subject matter contained in Japanese Patent 
Application No. HEI 1 1-327552, filed on November 17, 1999, the disclosure of which 
is expressly incorporated herein by reference in its entirety. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] Fig. 1 is a schematic diagram showing a game system using a computer- 
packaged game device according to the invention; 

Fig. 2 is a diagram schematically showing one game image displayed by a 
game program; 

Fig. 3 is a schematic time chart for explaining the formation and display of a 
frame image in the game device; 

Fig. 4 is a diagram schematically showing another game image displayed by 
a game program; 

Fig. 5 is a diagram schematically showing still another game image displayed 
by a game program; 

Fig. 6 is one example of a memory map of a RAM in the computer contained 
in the game device; 

Fig. 7 is a schematic flow chart of the main processing of a game program to 
be suitably executed in the game device; 

Fig. 8 is a schematic flow chart of a game progress/a musical tempo 
determination contained in the main processing; 

Fig. 9 is a schematic flow chart of a high-speed mode setting to be executed 
in the game progress/musical tempo determination; 
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Fig. 10 is a schematic flow chart of a low-speed mode setting to be executed 
in the game progress/musical tempo deteraiination; 

Fig. 1 1 is a schematic flow chart of an object action processing to be executed 
in the main processing; 

Fig. 12 is a portion of a time chart for explaining the formations and displays 
of several frame images by the main processing; 

Fig. 13 is the other portion of the time chart; 

Fig. 14 is one example of a musical score for explaining a play of a music in 
a video game to which the invention is applied; 

Fig. 15 is a diagram conceptually showing vocalization time periods in 
different modes of a note in the device of Fig. 1; 

Fig. 16 is a diagram conceptually showing vocalization time periods in 
different modes of several notes in the device of Fig. 1; 

Fig. 17 is a schematic flow chart of a music reproduction in the device of Fig. 

1; 

Fig. 18 is a schematic time chart for explaining the formations and displays of 
several frame images when the time period for forming the frame images by the main 
processing is a two-frame period; 

Fig. 19 is a schematic flow chart of a variation of the main processing of a 
game program to be suitably executed in the game device; 
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Fig. 20 is a schematic flow chart of a variation of the game progress/a musical 
tempo determination contained in the main processing; and 

Figs. 21 A, 2 IB and 21C are diagrams showing the changes in the images 
displayed in an ordinary mode, in a high-speed mode and in a low-speed mode, 
respectively. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0029] The game display method according to the invention, the program recording 
medium and the game display apparatus using the method will be described in detail 
in connection with their several embodiments with reference to the accompanying 
drawings. 

Embodiment 1 of the Invention 
[0030] As shown in Fig. 1, a game system 1 is constructed to include: a game 
device 10 capable of being removably loaded with a CD-ROM (Compact Disk - Read 
Only Memory) 40 having a computer game program 41 recorded therein according 
to the invention, for example; a display apparatus 20; and a input device 30 capable 
of being operated by the player. The game device 10 is a household game device 
including a computer 100 confined in a casing so that the player loads the game 
device with the CD-ROM 40, for example, by pushing the (not-shown) open button 
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on the game device 10 to open the (not-shown) closed cover. The game device 10 
starts to execute the computer game program recorded in that CD-ROM 40. The 
display apparatus (television set) 20 and the input device 30 are connected with the 
game device 10 through cables. 

[0031] This game device 10 is provided with the (not-shown) card slot. Into this 
card slot, there can be inserted a memory card 50 or an external auxiliary recording 
medium. The player is arbitrarily enabled to store the memory card 50 inserted into 
the card slot, with the data for reopening the game such as data on the player character 
and the enemy character or data on the progressing situations of the game program. 
When the player opens again the game by using the memory card 50, the game device 
10 reopens the game from the interrupted portion. 

[0032] The display apparatus 20 receives video signals and audio signals from the 
game device 10. The display apparatus 20 displays the image by processing the video 
signals received and outputs the sounds according to the audio signals received from 
a speaker 22 belonging to the display apparatus 20. This display apparatus 20 is 
constructed of a TV receiver, for example. 

[0033] The input device 30 is generally called the "controller" and is equipped with 
a group of buttons and other (not-shown) control portions for the player to operate. 
For example, the input device is equipped with a direction key group composed of 
four direction keys for moving a cursor on the screen 21 leftward, rightward, upward 
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or downward, a select button, a start button, a first button, a second button, a third 
button and a fourth button. . However, the game system to which the invention is 
applied should not be limited to the shown one or any similar game systems. 
[0034] The computer IQO is constructed, for example, to include: a central 
processing unit (CPU) 101; a read only memory (ROM) 102 stored with a string of 
instructions and data necessary for the CPU 101 to execute the program instructions; 
a random access memory (RAM) 103 constituting a main memory for temporarily 
storing the game program to be executed and the data to be used by the game 
program; a graphic processing unit 104; a sound processing unit 105; a CD-ROM 
drive 106 to be loaded with the CD-ROM 40; an input/output interface unit 107; a 
communication interface unit 109; and a bus 108 for connecting the circuit 
components enumerated. 

[0035] The CPU 101 decodes the program instruction stored in the RAM 103 to 
control the individual circuits in the computer in accordance with the decoded 
instruction, and controls the execution of the game program so that the program 
portion corresponding to the operation input of the player, as input through the 
input/output interface unit 107 from the input device 30, may be executed in response 
to that operation input. The CPU 101 executes the instruction string stored in the 
ROM 102 when it executes the program instruction. 
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[0036] The graphic processing unit 104 includes the not-shown video RAM 
(VRAM) to construct the (not-shown) frame buffer and draws an image or the like 
composed of polygons expressing an object, on the frame buffer in response to the 
instruction given from the CPU 101. Moreover, the graphic processing unit 104 
produces video signals such as TV signals according to the image information stored 
in the frame buffer, and outputs them to the not-shown video circuit in the display 
apparatus 20. 

[0037] The frame buffer is composed of a pair 104a of frame buffers (A, B) so that 
object images forming a common frame image are stored in one (A) of the paired 
frame buffers 104a. When the formation of one frame image is eiided, a next frame 
image is stored in the other (B) of the paired frame buffers 104a. Thus, frame images 
are altemateiy stored in the paired frame buffers 104a. 

[0038] From the other frame buffer paired with the frame buffer storing the frame 
image, there is read the frame image which has been recently stored therein. The 
frame buffers 104a to be read are switched in synchronism with the vertical 
synchronizing signal of the display apparatus 20, and a new frame image is also 
formed in synchronism with the same signal. The period of the vertical synchronizing 
signal is a frame image displaying period (or a frame period). It should also be noted 
that in each relevant embodiment described herein, the shortest period of switching 
the displays of said frame images when displaying the frame images is the period of 
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the vertical synchronizing signal (e.g., wherein a prediction step predicts, as the 
individual formation time periods of said frame images, a formation time period in 
units of the period of the vertical synchronizing signal). 

[0039] On the basis of the sound data stored in the RAM 103, the sound processing 
unit 105 produces sound signals indicating a voice, a musical composition, an effect 
sound and so on and feeds the signals to the speaker 22 through the not-shown audio 
circuit in the display apparatus 20. 

[0040] The input/output interface unit 107 is connected with the input device 30 
and the memory card 50 inserted into the (not-shown) card slot, and controls the 
timings of data transfers between these components and the CPU 101 and other 
circuits. Here, it is needless to say that the computer constituting the game device 
according to the invention should not be limited to the shown computer or any similar 
computers. 

[0041] The CD-ROM 40 is a recording medium for recording the game program 
41 and data 42 to be used by the game program 41. The CD-ROM drive 106 reads 
the game program 41 together with the data 42 and stores them in the RAM 103 so 
that the[se] program and data may be executed by the CPU 101. The game program 
41 and the data 42 to be used in the present game device can be provided by another 
method. In this method, for example, the game program 41 is carried by carrier waves 
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used for communications so that it may be transmitted as computer data signals to be 
executed by the computer and may be received on the side of the game device. 
[0042] For example, the game program may be downloaded through the 
communication interface unit 109 from another not-shown device on a network 110 
connected via a communication line 111 and may be used in the game device 10. 
Alternatively, the game program and the data may be stored in advance in another 
device on the network 1 10 connected via the communication line 1 1 1 and may be 
sequentially stored for use, if necessary, in the RAM 103 via the communication line 
111. Here, the game device 10 may be constructed such that only one of such 
alternative modes or the use of the CD-ROM can be supported. 
[0043] The game program is executed by the CPU 1 0 1 suitably using the remaining 
circuits in the computer 100 so that the various functions intended by the game 
program can be realized. These functions include: a forming function to form the 
frame image; a display function to feed the formed frame image to the display 
apparatus and display it; a function to change the game program of the frame screen 
formed; and a function to skip the formation of the frame image. 
[0044] Fig. 2 is a diagram schematically showing one game image to be displayed 
by the game program executed in the game device. As one frame image belonging 
to one scene, there is shown in the screen 21a pattem in which a player character 950 
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positioned in a three-dimensional virtual space is walking in a corridor in a building. 
This corridor is provided in its side wall with several doors 61, 62 and 63. 
[0045] The player is enabled by operating the input device 30 (Fig. 1) to control 
the position and the moving direction of the player character 950. The player 
character 950 can further advance on the corridor and can advance to any door and 
open it. As the movement of the player character 950 is continuously instructed by 
the player, the position of the player character 950 is continuously changed on the 
screen. 

[0046] When similar screens appear several times in the game, however, the player 
desires to farther advance on the corridor without opening the doors on the way. At 
this time, the player may desire the player character 950 to walk faster than the 
ordinary speed. 

[0047] In the invention, therefore, a key signal indicating a display rate is input in 
response to the operation of the player. On the basis of the key signal, the progressing 
speed of the game can be changed. In this embodiment, as illustrated in Fig. 3, in the 
case of a game of an ordinary mode in which frame images PI, P2, P3, — , and P12 
are switched for one frame period and displayed, the frame images PI, P5, P9, — , 
and so on are sequentially formed and displayed in a high-speed mode when the game 
is displayed at a speed of four times as high as that of the ordinary mode. When the 
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game is displayed at a double speed of that of the ordinary mode, the frame images 
PI, P3, P5, P7, P9, PI 1, — , and so on are sequentially formed and displayed. 
[0048] As a result, the game changes four or two times as quickly as the ordinary 
one on the screen. At the quadruple speed, more specifically, the frame image, as 
would be displayed in the ordinary mode four frame periods after from the preceding 
one, is displayed as the frame image to be subsequently displayed. Thus in the high- 
speed mode, the game progress of each frame image is increased. When the game is 
to be displayed at the quadruple speed, more specifically, four frames are processed 
between two consecutively produced vertical synchronizing signals. Moreover, the 
last image of the processed four frames is displayed in the screen. 
[0049] If the image presented in Fig. 2 is assumed to be the frame image PI, for 
example, the next frame image P2 indicates that the player character 950 has slightly 
advanced on the corridor, as exemplified in Fig. 4. In the ordinary mode, the frame 
image P2 is displayed for the next frame period of the frame image PI . In the high- 
speed mode of the four times, however, the frame image P5 is formed and displayed 
subsequent to the frame image PL 

[0050] The frame image P5 indicates that the player character 950 has further 
advanced on the corridor, as exemplified in Fig. 5. In the high-speed mode of the four 
times, the displayed image abruptly changes from the image of Fig. 2 to the image of 
Fig. 5 so that the progress of the game is sped up. 
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[0051] In the low-speed mode, e.g., at the quarter-speed speed, each frame image 
such as PI is displayed repeatedly four times, and the next frame image such as P2 is 
then displayed. Thus, the display period of the frame image is elongated by four times 
as long as that of the ordinary mode. In the case of the half-speed speed, each frame 
image such as PI is displayed repeatedly two times, and the next frame image such 
as P2 is then displayed. Thus, the display period of the frame image is elongated by 
two times as long as that of the ordinary mode. 

[0052] In this low-speed mode such as in the case of the quarter speed, as will be 
described later, when each frame image is formed, the image formation is skipped for 
the subsequent three frame periods. As a result, the frame image formed just before 
is continuously displayed. When each frame image is formed in the case of the half- 
speed, the image formation is skipped for the subsequent two frame periods. As a 
result, the frame image formed just before is continuously displayed. 
[0053] Now, the RAM 103 is used at the time of executing the game program, for 
example, in accordance with the memory map shown in Fig. 6. A system region 103 a 
is stored with system information such as an interruption vector indicating the 
jumping destination of an interruption routine. A program region 103b is stored with 
the portion being executed of the game program. A character data region 103 c is 
stored with data on a group of characters to appear in the game, such as the player 
character and the enemy character. 
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[0054] A related data region 103 d is stored with other related data to be used for 
executing the game program such as the motion data of the individual characters. 
However, these related data have no direct relation to the invention so that their 
description is omitted. 

[0055] A sound data region 103e is stored with data for producing sounds during 
the advance of the game. Here are stored musical sound data 81, 82 and 83. Each of 
the sound data is designated by an identifier 81a. This region 103e is also stored with 
a tempo-changing mode flag 84. This flag indicates the tempo-changing mode when 
a musical composition is to be reproduced, and takes any of five values (2, 1, 0, -1, 
-2), as will be described later. 

[0056] A game progress related data region 103f is stored with data for executing 
the game display method according to the invention. There are stored a real-time 
counter 91, image formation starting time data 92, game progress data 93, an 
acceptable speed-changing bit 94 and a reset counter 95, for example. 
[0057] The real-time counter 91 is a counter for expressing a real time in the game 
progress. In the embodiment, the real time is expressed in terms of the number of 
vertical synchronizing signals produced by the display apparatus 20 (Fig. 1), as will 
be described later. That is to say, the real-time counter 91 expresses the real time at 
the unit of frame period. In other words, the real-time counter 91 expresses the real 
time in terms of the ratio between the real time and the frame period. The real-time 
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counter 91 is incremented by 1 each time the vertical synchronizing signal is 
produced. 

[0058] The image formation starting time data 92 express the time at which the 
formation of the frame image is started. In this embodiment, this time is also 
expressed in terms of the number of vertical synchronizing signals. In this 
embodiment, the formation of the frame image is started in synchronism with the 
vertical synchronizing signal. Therefore, the image formation starting time data 92 
indicate what vertical synchronizing signal the frame image is really formed at. 
[0059] The game progress data 93 are data characterizing this embodiment, and 
indicate the game progress that the frame image to be formed should have with 
respect to the immediately preceding frame image. In this embodiment, the game 
progress data 93 are so determined as to express how many times as long as the game 
progress to be made by the frame image to be formed is with respect to the ordinary 
game progress in one frame period imaged by the game program for the frame image. 
In short, the number of frames to be processed between two consecutively produced 
vertical synchronizing signals is determined in terms of the value set to the game 
progress data. 

[0060] The real-time counter 91 and the image formation starting time data 92 
could be expressed by another time unit such as seconds. If the method for expressing 
those data at the unit of the vertical synchronizing signal is used as in this 

21 



P24672.S01 

embodiment, however, the time period for forming the frame image is determined 
from the difference between the real-time counter 91 and the image formation starting 
time data 92. An advantage is that the difference can be used as it is as the game 
progress data 93. 

[0061] The acceptable speed-changing mode bit 94 is a bit for designating the 
kinds of acceptable speed changes. Here it is assumed that the quadruple speed and 
the quarter speed are employed when the acceptable speed-changing mode bit 94 is 
at 1, and that the double speed and the half speed are employed when the same bit is 
atO. 

[0062] The double speed is employed when sequential (even in the ordinary mode) 
images have dramatically changing contents, like a series of images indicating 
pattems where the character is fighting against the enemy character. This is because 
the double-speed display can provide easily viewable images, when the high-speed 
mode is instructed by the operation of the player while those images are being 
continuously displayed. The half speed can also be employed for the game screen for 
which the double speed can be employed. 

[0063] The quadruple speed is employed when sequential images do not have 
dramatically changing contents, like a series of images indicating pattems where the 
character is walking in a town. This is because even the quadruple-speed display will 
not change the screen excessively fast, when the high-speed mode is instructed by the 
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operation of the player while those images are being continuously displayed. The 
quarter speed can also be employed for the game screen for which the quadruple 
speed can be employed. 

[0064] The acceptable speed-changing mode bit 94 is suitably changed by the game 
program in the procedure of the game especially at a scene changing time in response 
to any of the aforementioned kinds of images to be displayed in the scene. 
[0065] The reset counter 95 counts the number of times at which the game progress 
data 93 are reset so that the frame image may not be formed at the low-speed mode, 
as will be described later. 

[0066] Other worlc regions 103g are employed as work regions for retaining other 
data temporarily when the game program is executed. 

[0067] The game program to be executed in this embodiment is composed of an 
initialization for setting the initial data in the RAM 103, and a main processing for 
controlling the progress of the game and for forming and displaying the game screen. 
Fig. 7 shows one example of the main processing routine SI GO. 
[0068] Before entering into the description of the main processing routine SI 00, 
here will be schematically described the principle of this embodiment. The changes 
in the position and direction of each object between a pair of adjacent frame images 
are predetermined in dependence upon the game progressing speed. In other words, 
in order to form a frame image, the individual positions and directions of a group of 
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objects composing the frame image are predetermined according to the position and 
direction of the same object in the frame image just befi)re and to a distance for the 
object to be moved between those frame images. 

[0069] The distance for each object to be moved for one frame period is 
determined at each time in the procedure of the game program on the basis of the 
game progressing speed. Naturally, the movement changes with the inputting of the 
player. With a player's operation input of the game progressing speed, moreover, the 
game program may change on the basis of the operation. Since the game program 
determines the movement of each object on the basis of the operation input of the 
player, however, it can be considered that the game program, including the influences 
of the operation input by the player, determines the movement of each object. 
[0070] With the large movement of each object, the game progresses quickly on 
the screen. Therefore, this movement can be said to be the game progress between 
each frame image and the preceding frame image. 

[0071] When two (2) or more frame periods are required to form a frame image, 
i.e., when the frame image forming time period is shorter than N frame periods 
(wherein N is an integer larger than 1) but longer than (N-1) frame periods, the frame 
image forming time period will be called the "N-frame period", unless otherwise 
specified. In other words, when the frame image forming time period is mentioned 
in comparison with the frame period or when the frame image forming time period 
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is metered at the unit of the frame period, the frame image time forming period is 
expressed as the least number of frame periods capable of including the forming time 
period of the frame image. 

[0072] When the time periods for forming a group of consecutive frame images are 
all one frame period, the frame images are sequentially fed for one frame period to the 
display apparatus so that they are displayed by switching them for one frame period. 
In the ordinary mode, therefore, the game will progress on the screen at the speed 
estimated by the game program if the game progress between each frame image and 
the frame image just before is equal to that for the one frame period estimated by the 
game program. 

[0073] When the game image is to be changed in response to the operation input 
of the player at a higher progressing speed than that estimated by the game program, 
the game progress between each frame image and the frame image just before is made 
larger than that, as estimated by the game program, for one frame period. When the 
game progressing speed of the N times (where N is an integer larger than 1) of the 
ordinary game progressing speed is to be realized, more specifically, the game 
progress of each frame image is made N times as large as that, as estimated by the 
game program, for one frame period. This value N is set to 4 or 2 according to the 
kind of the frame image to be formed. 
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[0074] The game progress of each frame image is easily enlarged so that a speed 
as high as the double or quadruple speed is easily realized according to this method. 
[0075] In this embodiment, the game progress of the frame images are determined 
when the frame images are formed. Specifically, the game progress of each frame 
image is determined when the frame image is formed. This game progress is 
determined in proportion to the formation time period of the frame image. In this 
embodiment, the formation time period of each frame image is one frame period. In 
the ordinary mode, therefore, the game progress of each frame image is so determined 
as to be equal to the progress estimated by the video game. 
[0076] When a specific operation input for realizing the game progressing speed 
of N times is given by the player, the game progress of the frame image to be formed 
is changed to the N times only while the operation input is given. 
[0077] When the specific operation input for realizing a game progressing speed 
lower than that of the ordinary mode is given by the player, the game progress of each 
frame image is equalized in this embodiment to that for one frame period for which 
the operation is being input, and the formation period of the frame image is made 
longer than that of the ordinary mode. When the game progressing speed of one N-th 
of the ordinary game progress speed is to be realized, for example, the formation 
period of the consecutive frame images is changed to one N-th. 
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[0078] In this embodiment, more specifically, one frame image is formed while the 
N frame images are being formed. In the remaining period, the formation of the 
fi-ame images is skipped. This N value is set to 4 or 2 according to the kind of the 
frame image to be formed. 

[0079] Now, an initialization S 110 is executed at a suitable timing after the start 
of the execution of the main processing routine SI GO. First of all, the image 
formation starting time data 92 (Fig. 6) are set to an initial value 0. The tempo- 
changing mode flag 84 (Fig. 6) and the reset counter 95 (Fig. 6) are also set to 0. The 
value 0 of the tempo-changing mode flag 84 indicates that a musical composition 
should be played at an ordinary tempo. The acceptable speed-changing mode bit 94 
(Fig. 6) is set to 1 . This value 1 of the acceptable speed-changing mode bit 94 
indicates that the quadruple speed and the quarter speed can be employed. 
[0080] After this, the real-time counter 91 is forcibly initialized to 1. This 
initialization is made awaiting the production of a new vertical synchronizing signal 
after the image formation starting time data 92. The initial value 0 of the image 
formation starting time data 92 and the initial value 1 of the real-time counter 91 are 
so selected that the game progress data 93 to be determined a game progress/musical 
tempo determination SI 20 to be described may have the initial value 1. Therefore, 
the real-time counter 91 and the image formation starting time data 92 can have other 
values. 
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[0081] The main processing routine SI GO executes a series of following steps for 
forming each frame image. The game progress/musical tempo determination SI 20 
is to determine the game progress and the musical tempo to be owned by the frame 
image to be formed next, at the time of forming the frame image. At the game 
progress/musical tempo determination SI 20, as shown in Fig. 8, the difference 
between the image formation starting time data 92 and the real-time counter 91 is 
calculated at first. As a result, the time period for forming the frame image just before 
is metered (at step S121). 

[0082] When the game progress/musical tempo determination S 1 20 is executed at 
first after the start of the main processing routine SI 00, the values of the real-time 
counter 91 and the image formation starting time data 92 are equal to the initial values 
1 and 0, respectively. It is, therefore, assumed that no frame image is formed just 
before the frame image formed at first in the main processing routine SI 00, but that 
the time period for forming the immediately preceding frame image is one frame 
period. 

[0083] The formation time period thus metered is set (at step SI 22) as-is in the 
game progress data 93 (Fig. 6). Therefore, the game progress data 93 of the frame 
image to be formed at first has the value 1 . After step S 1 2 1 , the value of the real-time 
counter 91 is set (at step S123) in the image formation starting time data 92. The 
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value of this real-time counter 91 indicates the time of the formation start of the frame 
image to be formed. 

[0084] The real-time counter 91 counts the number of the vertical synchronizing 
signals produced, as has been described before. Therefore, the real-time counter 91 
meters the real time at the frame period unit. The image formation starting time data 
92 are determined at step SI 23 by using the content of the real-time counter 91, and 
also express the formation starting time of the next frame image at the frame period 
unit. 

[0085] Therefore, the formation time of the frame image metered at step S121 is 
also expressed at the frame period unit. Specifically, the formation time period 
metered indicates how many times as long the formation time period of the preceding 
frame image is with respect to the frame period. 

[0086] In this embodiment, the formation time period is employed as-is in the game 
progress data 93, When the game progress data 93 have a value M (where M is an 
integer no less than 0), the frame image is so formed that the game progress of the 
frame image to be formed is a game progress between the M frame periods estimated 
by the game program, as will be described in the following. Therefore, the game 
progress data 93 have a value indicating how many times as long the game progress 
of the frame image to be formed is with respect to the game progress estimated by the 
game program for that frame image. 
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[0087] In this embodiment, the fomiation time period of each frame image is 
assumed to be one frame period, and the game progress data may always be set at 1 
in place of the foregoing steps S 121 to 123. However, these steps are provided for 
applying this embodiment to the case in which the formation time period of each 
frame image is longer than the frame period. The case in which the formation time 
period of the frame image is longer than the frame period will be described in 
connection with second and third embodiments. 

[0088] It is then decided (at step SI 24) whether or not a key for instructing the 
high-speed mode (as will be called the "high-speed mode key") is depressed by the 
player. When this high-speed mode key is depressed, a key signal indicating the high- 
speed mode is injput from the input device 30. This decision is made by deciding the 
key signal. This key can be exemplified by a suitable key disposed in the input device 
30 (Fig. 1), such as a key called the "R2 key" in some game devices. When the high- 
speed mode key is depressed, a high-speed mode setting routine S200 is executed. 
[0089] In the high-speed mode setting routine S200, as shown in Fig. 9, it is 
decided (at step S201) whether the acceptable speed-changing mode bit 94 is at 1 or 
0. When the acceptable speed-changing mode bit 94 is at 1, the quadruple speed can 
be utilized so that the value of the game progress data 93 (Fig. 6) is changed (at step 
S202) to the quadruple value (e.g., 4). Moreover, the tempo-changing mode flag 84 
(Fig, 6) is changed to 2 (at step S203). This value 2 indicates that the musical 
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composition should be played at a tempo that is four times as high as the ordinary 
tempo. 

[0090] When the acceptable speed-changing mode bit 94 is decided to be 0 at step 
S201, the double speed can be utilized so that the value of the game progress data 93 
(Fig. 6) are changed (at step S204) to the double value (e.g., 2). Moreover, the tempo- 
changing mode flag 84 (Fig. 6) is changed to 1 (at step S205). This value 1 indicates 
that the musical composition should be played at a tempo that is two times asfast as 
the ordinary [one] tempo. 

[0091] Reverting to Fig. 8, when the high-speed mode key is not depressed, it is 
decided (at step S 125) whether or not the key for instructing the low-speed mode (as 
will be called the "low-speed mode key") is depressed. When this low-speed mode 
key is depressed, a key signal indicating the low-speed mode is input from the input 
device 30. This decision is made by decoding the key signal. This key can be 
exemplified by a suitable key disposed in the input device 30 (Fig. 1), such as a key 
called the "L2 key" in some game devices. When the low-speed mode key is 
depressed, a low-speed mode setting routine S300 is executed. 
[0092] In the low-speed mode setting routine S300, as shown in Fig. 10, an image 
formation skipping routine S3 10 and a tempo-changing mode flag routine S320 are 
sequentially executed. In this embodiment, the period for forming the frame image 
is elongated in the low-speed mode. Specifically, the formation of the frame image 
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is skipped a predetermined number of times. The image formation skipping S3 10 is 
a step for skipping the image formation until the number of skips reaches a target 
value. 

[0093] In order to execute the quarter speed, one frame image is formed for a time 
period to form four frame images. In order to execute the half speed, one frame 
image is formed for a time period to form two frame images. The reset counter 95 is 
sequentially set with the counted numbers of vertical synchronizing signals produced 
during the skips. Therefore, it can be said that the value of the reset counter 95 is 
counted at the unit of frame period from the time period for which the image 
formations are skipped. 

[0094] At the image formation skip S3 10, more specifically, it is decided at first 
(at S3 1 1) whether the acceptable speed-changing mode bit 94 is at 1 or 0. When the 
acceptable speed-changing mode bit 94 is at 1, that is, when the quarter speed can be 
utilized for the frame image to be formed, it is decided (at step S3 12) whether or not 
the value of the reset counter 95 (Fig. 6) has already reached the target skip number 
3. When the acceptable speed-changing mode bit 94 is at 0, that is, when the half 
speed can be utilized for the frame image to be formed, it is decided (at step S3 13) 
whether or not the value of the reset counter 95 has already reached the target skip 
number 1 . 
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[0095] When it is decided at Decision step S3 12 or S3 13 that the value of the reset 
counter 95 has not reached the target value, the game progress data 93 are reset to 0 
(at step S3 14). When the game progress data 93 have the value 0, the main 
processing routine S 100 is so constructed as to skip the formation of the frame image, 
as will be described later. 

[0096] After this, the reset counter 95 is incremented by 1 (at step S3 15). When 
it is decided at the decision of step S3 12 or S3 13 that the reset counter 95 has aheady 
reached the target value, the reset counter 95 is set to 0 (at step S3 16). At this time, 
the value of the game progress data 93, as determined at the game progress/musical 
tempo determination SI 20, or 1 in this case, is used as-is in the later processing. 
[0097] Thus, the image formation skip S3 10 is ended, and the tempo-changing 
mode flag change S320 is executed. Here, it is decided (at step S321) whether the 
acceptable speed-changing mode bit 94 is at 1 or 0. When the acceptable speed- 
changing mode bit 94 is at 1, the quarter speed can be utilized for the frame image to 
be formed, and the tempo-changing mode flag 84 (Fig. 6) is changed to -2 (at step 
S322). This value -2 indicates that the musical composition should be played at a 
quarter of the speed of the ordinary tempo. When the acceptable speed-changing 
mode bit 94 is at 0, the half speed can be utilized for the frame image to be formed, 
and the tempo-changing mode flag 84 is changed to -1 (at step S323). This value -1 
indicates that the musical tempo should be changed to one half of the ordinary tempo. 



33 



P24672.S01 

[0098] In the low-speed mode, as seen from the description thus far made, at step 
S3 10 (image formation skip process), the game progress data 93 are set to 0 so that 
the formation of the frame image may be interrupted until the skip number reaches the 
skip target value. When the skip number reaches the skip target value, the value is 
retumed to 1, as calculated at step S121 (Fig. 8) in the game progress/musical tempo 
determination S 120. The tempo-changing mode flag 84 is kept at the value -2 (for the 
quarter speed) or -1 (for the half speed). 

[0099] Reverting to Fig. 8, when neither the high-speed mode key nor the low- 
speed mode key is depressed, the tempo-changing mode flag 84 (Fig. 6) is set to 0 (for 
the ordinary tempo) (at step S 126). In this case, this flag has already been set at 0 at 
the initialization SI 10, but step SI 26 is provided for resetting the tempo-changing 
mode flag 84 to 0 when the formation of a new frame image is started after the end 
of the high-speed mode or the low-speed mode. Thus, the operations of the game 
progress/musical tempo determination SI 20 are ended. 

[0100] Reverting to Fig. 7, at the main processing routine S 1 00, after execution of 
the game progress/musical tempo determination SI 20, it is decided (at step SI 27) 
whether or not the game progress data 93 are at 0. This data value 0 occurs when the 
low-speed mode is instructed by the player, as has abready been described. The flow 
of the main processing routine SI 00 in this low-speed mode will be described later. 
[0101] When in the ordinary mode or when the high-speed mode is instructed by 
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the player, the game progress data 93 have the value 1 (in the ordinary mode) or 4 or 
2 (in the high-speed mode), as has akeady been described, after the execution of the 
game progress/musical tempo determination S 1 20. 

[0102] When it is decided at step S 127 that the game progress data 93 are not at 0, 
the game is progressed at SI 30. Here, the progress of the game is controlled. 
Specifically, the scenes indicating partial flow^s of the game are switched. In response 
to the operation input of the player, for example, it is decided whether or not the fight 
is to be started. When the fight is to be started, the processing therefor is executed, 
and the scene for the processing is selected. 

[0103] Here during the execution of the fight, it is decided at the game progress 
SI 30 whether or not the player character has been defeated in the fight against the 
enemy character. If the player character has been defeated in the fight against the 
enemy character, the main processing routine SI 00 processes the game-over and is 
ended. However, the detail of this decision of the defeat of the player character has 
no relation to the invention so that its detailed description will be omitted. In Fig. 9, 
on the other hand, the processing for ending the main processing routine SI 00 at the 
game-over is not shown for simplicity. At the time of switching the scenes, on the 
other hand, the value according to the scene is set in the acceptable speed-changing 
mode bit. 
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[0104] An object action processing routine S 140 and a next drawing S 1 50 occupy 
a main portion of the processing for forming each frame image. At the object action 
processing SI 40, of a series of frame images constituting the scene selected at the 
game processing SI 30, there are determined the position and the direction of the 
moved objects contained in the frame image to be subsequently fonned. 

[0105] As shown in Fig. 11, more specifically, one of those objects is selected (at 
step S141), and is discriminated (at step SI 42) according to a reference present for the 
object discrimination. Specifically, the selected object is discriminated on whether it 
is an object of complex motions such as a character object or another object. 
[0106] If not the character object, the action of the object for the frame periods of 
the number equal to the value of the game progress data 93 is calculated (at step 
S 145). Specifically, the value indicating the action (i.e., the changes in the movement 
and direction) of one frame period is multiplied by the value of the game progress 
data. This result is added to the data indicating the original position and direction of 
the object. As a result, the positions and directions of the polygons, as constituting 
the object after lapse of that period, in the individual virtual spaces (or world spaces) 
are determined to form an object model indicating the object. 
[0107] In the case of the character object, the object action for one frame period 
is calculated (at step SI 43). Specifically, the positions and directions of the polygons. 
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as constituting the character object after lapse of the period, in the individual virtual 
spaces are determined to form the object model expressing the character object. 
[0108] Next, it is decided (at step SI 44) whether or not the calculations of step 
SI 43 have been repeated for the frame period indicated by the game progress data. 
If the calculations for the frame period indicated by the game progress data are not 
done, the calculation of step SMS is done. If the calculations for the frame period 
indicated by the game progress data are done, on the other hand, the routine advances 
to step SI 44. As a result, the calculations of step SI 43 are repeated by the value of 
the game progress data. Thus, there are determined the positions and directions of the 
individual objects after lapse of the frame period equal to the value of the game 
progress data. 

[0109] In the case of the character object, the calculations at SI 43 are performed 
for each single frame period because the action of the character may abruptly change 
for each frame. If the character collides against an obstacle such as a wall after lapse 
of one frame period, for example, its position and direction then make large changes. 
Therefore, the action of the character for one frame period is calculated, and these 
calculations are repeated by the value of the game progress data. 
[0110] In other words, the decision of step SI 42 is made to decide whether or not 
the object should have an action to be calculated for each frame period. If others 
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should change their actions for one frame period Hke the character, the decision 
reference could be changed to process the objects like the character. 
[0111] All objects are decided (at step SI 46) on whether or not they have been 
processed. With an object being left unprocessed, the routine advances to step S 143. 
If it is decided that the foregoing processing of all the objects has been ended, the 
object action processing routine SI 40 is ended. Thus, the positions and directions of 
all polygons constituting each object after the frame period of the number indicated 
by the game progress data 93 was elapsed are determined. 

[0112] Here in the ordinary mode, the value of the game progress data 93 has been 
assumed to be at 1 so that the aforementioned step SI 43 is executed only once. In the 
high-speed mode, however, the game progress data 93 have the value 4 or 2 so that 
the calculations of step S 143 are repeated by that value. As a result, the position and 
direction of the object having been subjected to the object action processing routine 
SI 40 are identical to those of the object for the frame period preceding by the 
aforementioned value of the game progress data 93 in the ordinary mode. 
[0113] Reverting to Fig. 7, in the next drawing step SI 50, on the basis of the 
positions and directions determined at the object action processing 140 for all the 
polygons of the individual objects constituting the frame image to be formed, the 
image data for displaying those polygons on the screen are made and are sequentially 
stored in the not-shown frame buffer disposed in the graphic processing unit 104. 
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[0114] The polygons constituting the object model formed for each object are 
rendered or perspectively converted, and the shapes and positions of the polygons 
constituting the object model are so determined as to express an object figure to be 
displayed on the screen of the display apparatus. On the other hand, the object model 
is texture-mapped to assign colors, patterns and so on to the individual faces of the 
polygons constituting the object. 

[0115] Thus, drawing data are made for the polygons constituting that object 
model. The operations thus far described are sequentially executed on the different 
polygons constituting one of the objects constituting the screen. Thus, there is formed 
a frame image expressing all the objects. 

[0116] The frame buffer disposed in the graphic processing unit 104 (Fig. 1) is 
composed of a pair of not-shown frame buffers A and B, one of which is sequentially 
stored with the image data of the objects constituting one frame image formed at the 
drawing step SI 50. 

[0117] After the formation of one frame image was ended, the making of a vertical 
synchronizing signal by the display apparatus 20 (Fig. 1) is awaited (at step SI 60). 
When this vertical synchronizing signal is made, it is decided again (at step S161) 
whether or not the value of the game progress data 93 is at 0. In the ordinary mode 
or the high-speed mode, the value of the data is not at 0, so that the frame buffers are 
switched (at step S 1 70) from one to the other. In other words, the other of the paired 
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frame buffers is selected as one for storing the next frame image. As a result, there 
is displayed the last frame when the frames of the number determined according to 
the value set in the game progress data are processed. The graphic processing unit 
104 transmits the frame image, as newly stored in the one frame buffer, to the display 
apparatus 20 and displays it on the screen of the same in synchronism with the vertical 
synchronizing signal after the formation of the frame image was ended. 
[0118] In the ordinary mode or the high-speed mode, the operations from the game 
progress/musical tempo determination SI 20 to the frame buffer switching step SI 70 
are then repeated to form the succeeding frame images likewise sequentially. 
[0119] When the game progress/musical tempo determination SI 20 is repeated, 
more specifically, the difference between the value of the real-time counter 91 and the 
value of the image formation starting time data 92 is calculated at step S 121, as shown 
in Fig. 8. This difference expresses the period from the instant when the vertical 
synchronizing signal just before the formation start of the formed frame image to the 
instant when the first vertical synchronizing signal is produced after the end of the 
formation of the frame image, at the unit of frame period. This period can be said to 
express the formation time period of the formed frame image. Therefore, the 
aforementioned difference expresses the formation time period of the formed frame 
image at the frame period unit. This value is assumed in this embodiment to be 1. 
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[0120] This formation time period of the frame image is set as-is in the game 
progress data 93, as has been described before. These data 93 are employed either as 
they are or as the data indicating the progress of the next frame image at the formation 
time of the frame image, after quadrupled or doubled if the high-speed mode key is 
depressed, in the object action processing routine SI 40 by the method described 
before. Moreover, the value of the real-time counter 91 is set in the image formation 
starting time data 92. These updated data 92 indicate the formation starting time of 
the next frame image at the frame period unit. 

[0121] After this, the image data expressing the next frame image are stored lilce 
before in the other of the paired frame buffers by the game progressing step SI 30, the 
object action processing step SI 40 and the drawing step SI 50. 
[0122] The operations thus far described are executed sequentially on a series of 
succeeding frame images so that the series of image data expressing the frame images 
are stored alternately in the paired frame buffers. 

[0123] In parallel with these formations of new frame images, from the others 
different from the frame buffers for storing the frame images being formed, there are 
read out the frame images which are recently stored in the other frame buffers, and 
these read frame images are displayed by the display apparatus 20. When a group of 
frame images in sequence have a formation time equal to one frame period, therefore, 
the display of these frame images are switched for every period. In the ordinary 
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mode, the game progress of those frame images is equal to the value estimated by the 
game program so that the game progresses on the screen at a progressing speed 
estimated by the game program. 

[0124] While the high-speed key is being depressed, however, the game progress 
of those frame images is determined to be four or two times as long as that estimated 
by the game program. As a result, only the last frame image when the frame images 
are formed by the game progress is displayed after one frame period. On the screen, 
therefore, the game progresses at a speed of four or two times as high as the 
progressing speed estimated by the game program. Thus, the actions of the ordinary 
mode or the high-speed mode are realized. 

[0125] Reverting to Fig. 7, in the low-speed mode, the game progress data 93 are 
changed to 0 by the game progress/musical tempo determination SI 20 in the main 
processing routine SI GO. After the decision step SI 27, therefore, the steps from the 
game progressing step SI 30 to the drawing step SI 50 are skipped, and a standby 
signal for awaiting the production of the vertical synchronizing signal is produced at 
step 160. 

[0126] If the vertical synchronizing signal is produced, it is decided again at step 
SI 61 whether or not the game progress data 93 are at 0. In this case, the game 
progress data 93 are at 0 according to the assumption so that the processing returns 
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to the game progress/musical tempo determination SI 20 without executing the frame 
buffer switching step SI 70. Thus, the formations of the frame image are skipped. 
[0127] Since the frame buffer switching step SI 70 is not executed, the graphic 
processing unit 104 (Fig. 1) feeds the display apparatus 20 repeatedly with the frame 
images which have been displayed, in synchronism with the vertical synchronizing 
signal so that the frame image being displayed is continuously displayed. 
[0128] When the target value of the skip numbers is 3, the operations thus far 
described are repeated three times at each production of the vertical synchronizing 
signal until the skip number reaches the target value. At each skip, the reset counter 
95 is incremented by 1 (at step S3 15 (Fig. 10)). When the target value of the skip 
numbers is 1, the skip number reaches the target value when the foregoing operations 
are once executed. 

[0129] In any case, when the game progress/musical tempo determination S 120 is 
executed after the skip number reached the target value, the game progress data 93 
determined at the step S 122 (Fig. 8) of that determination are not reset but employed 
as the game progress data of the frame image to be made as they are. In this case, this 
value is at 1. The reset counter 95 is reset to 0 (at step S3 16 (Fig. 10)). 
[0130] In this case, at the main processing routine S 1 00, the progressing step S 1 30, 
the object action processing step SI 40 and the drawing step SI 50 are executed after 
the game progress/musical tempo determination SI 20, and the production of the 
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vertical synchronizing signal is awaited (at step SI 60). When the vertical 
synchronizing signal is produced, the frame buffer switching step SI 70 is also 
executed. 

[0131] Thus, there is formed an image having a new, ordinary game progress. 
After all, only one frame is produced for the four frame periods or for the two frame 
periods so that the video game is displayed on the screen of the display apparatus at 
the game progressing speed of quarter or half the speed of the ordinary game progress 
speed. 

[0132] The changes of the frame images formed and displayed by the foregoing 
steps will be described more specifically by using the time charts of the several 
signals shown in Figs. 12 and 13. 

[0133] In these Figures, reference letters Ql, Q2 and so on indicate examples of 
the frame images formed at the drawing step SI 50. The time periods for which the 
frame images Ql, Q2 and so on are formed are shown to correspond to the frame 
buffer A or B in which the individual frame images are stored. Numerals, as 
parenthesized over the periods for which the individual frame images are formed, 
indicate the values of the game progress data 93 which are employed for forming the 
frame images. 

[0134] The periods, for which the individual frame images are displayed on the 
display apparatus 20, are arrayed on a common line independently of the frame 
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buffers from which the frame images are to be red out. The numerals, as 
parenthesized over the periods for which the individual frame images are displayed, 
indicate the values of the game progress data 93 which were used for forming the 
frame images. 

[0135] In Fig. 12, it is assumed that the image formation starting time data 92 (Fig. 
6) are initialized to 0 before time Tl by the initialization SI 10, and that the real-time 
counter 91 (Fig. 6) is set to the initial value 1 in response to the vertical synchronizing 
signal produced at time Tl. After this, moreover, the difference between the value 
1 of the real-time counter 91 and the value 0 of the image formation starting time data 
92 is calculated at the game progress/musical tempo determination SI 20. 
[0136] This difference indicates the formation time period of the preceding frame 
image and takes the value 1 in this case. This value is determined as the initial value 
of the game progress data 93. In the ordinary mode, the game progress data 93 are 
used as the game progress data of the frame image to be formed. 
[0137] After this, the progress of the game is controlled by the game progressing 
step SI 30, and the actions of all the objects constituting the first frame image Ql are 
calculated in the object action processing step SI 40 in accordance with the value 1 of 
the game progress data 93. On the basis of this result, the image data indicating the 
first frame image Ql are stored in one frame buffer A by the drawing step SI 50. 
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[0138] Here, the formation time period of the first frame image Ql is assumed to 
be within one frame period. Before time T2 when the next vertical synchronizing 
signal is produced, therefore, the formation of the frame image Ql is ended, and the 
vertical synchronizing signal awaiting signal is set by the vertical synchronizing signal 
awaiting step SI 60 (Fig. 7). When the new vertical synchronizing signal is produced 
at time T2, the frame buffer switching step SI 70 (Fig. 7) is executed, and the frame 
buffer for storing the frame image to be subsequently formed is switched into the 
other frame buffer B. 

[0139] After this, before the formation of the next frame image Q2, the game 
progress/musical tempo determination SI 20 is executed to update both the real-time 
counter 91 and the image formation starting time data 92 to 2. The game progress 
data 93 are also updated but to 1 according to the assumption. Thus, it is decided that 
the next frame image Q2 is also formed like the frame image Ql on the basis of the 
value 1 of the game progress data 93. 

[0140] Here, it is also assumed that the formation time period of the frame image 
Q2 is within one frame time period. Therefore, the value of the game progress data 
93 for a next frame image Q3 remains at 1 . In the following, it is further assumed that 
the frame image Q3 is likewise formed on the basis of the value 1 of the game 
progress data 93. 
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[0141] When the vertical synchronizing signal awaiting signal is set individually 
before times T3 and T4 so that the vertical synchronizing signal is produced 
individually at times T3 and T4, the real-time counter 91 is sequentially updated to 
3 and 4, and the image formation starting time data 92 are also sequentially updated 
to 3 and 4. The game progress data 93 are also updated at the individual times but 
remain at 1 . 

[0142] Thus, the frame images Q2 and Q3 are sequentially stored in the frame 
buffers B and A. At time T2, the formation of the frame image Ql has been ended 
so that the frame image Ql is displayed from time T2. The image Q3 is displayed 
from time T3. Likewise, the frame Q3 is displayed from time T4. 
[0143] It is seen from the diagrams that the display switching occurs on the frame 
images Ql to Q3 for one frame period. When the frame images having the game 
progress data 93 at 1 are thus continued, the individual frame images are displayed in 
the ordinary mode for only one frame period as in the prior art. Therefore, these 
images display the game at the game progress speed estimated by the game program. 
[0144] Now, it is assumed that the high-speed mode key is depressed by the player 
continuously from the midway of times T3 and T4 to the midway of times T7 and T8. 
The game progress data 93 of a frame image Q4 the formation of which is started 
from time T4 are quadrupled or doubled by the game progress/musical tempo 
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determination SI 20, as has been described before. Here, it is assumed that the game 
progress data 93 is quadrupled to 4. 

[Q145] The frame buffer to be stored with the image Q4 is the frame buffer B. 
When the drawing step SI 50 for the frame image Q4 is ended, the vertical 
synchronizing signal awaiting signal is produced before time T5. When the vertical 
synchronizing signal is produced at T5, the frame buffers are switched. The game 
progress data for a next frame image Q5 are likewise changed to 4. The game 
progress data 93 for succeeding frame images Q5 and Q6 are likewise changed to 4. 
[0146] Thus, frame images Q4 to Q7 are formed for the period from time T4 to 
time T7, for which the high-speed mode key is being depressed by the player, to have 
a game progress increased by four times. 

[0147] The frame images Q4 to Q7 are stored sequentially in the frame buffers B, 
A, B and A. At time T5, the formation of the frame image Q4 is ended so that the 
frame image Q4 is displayed from time T5. The frame image Q5 is displayed from 
time Q6. Likewise, the frame image Q6 is displayed from time T7. As a result, by 
these frame images, there are displayed on the screen the images which change at the 
progressing speed of four times as high as the game progressing speed estimated by 
the game program. 

[0148] At time T4 when the vertical synchronizing signal is produced at first after 
the high-speed mode key was first depressed by the player for the time period between 
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times T3 and T4, the image Q4 to be formed is changed to the image for the high- 
speed mode and is displayed from time T5 of the next vertical synchronizing signal. 
As a result, the screen is instantly changed after the player's operation. 
[0149] On the other hand, it is assumed that the player continues to depress the 
low-speed mode key in place of the high-speed mode key for the time period midway 
between times T7 and T8 to times T19 and T20. It is further assumed that the value 
of the acceptable speed-changing mode bit 94 is 1 so that the quarter-speed action can 
be used. In the low-speed mode, there is executed the low-speed mode setting step 
S3 00 in the game progress/musical tempo determination SI 20 (Fig. 8). At this step, 
the game progress data 93 are reset to 0 by the target times by the image formation 
skipping step S3 1 0 (Fig. 1 0). 

[0150] For the frame period starting at time T8, more specifically, the reset counter 
95 has afready been reset to 0. The game progress data 93 for this period are reset to 
0. The reset counter is incremented by 1. The game progress data 93 is at 0 so that 
no image is formed for this frame period. However, the vertical synchronizing signal 
awaiting signal is produced. 

[0151] Similar operations are made for the next frame period to start from time T9. 
Here, the reset counter 95 is incremented by 2. Likewise, for the frame period starting 
at time TIO, the reset counter 95 is incremented by 3. 
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[0152] For the frame period to start from time Tl 1, the reset counter 95 has already 
taken the value 3 so that the image formations are not skipped. In other words, the 
value 1 determined at step SI 22 in the game progress/musical tempo determination 
SI 20 is employed as it is as the game progress data. The reset counter 95 is reset to 
0 for this frame period. Thus, an image Q8 is formed for the frame period from time 
Tl 1 and is stored in the frame buffer B so that it is displayed from time T12. The 
image Q7 is repeatedly displayed until time T12. 

[0153] Likewise, a next image Q9 is formed by using the game progress data 93 
at the value 1 for the time period from time T15 to time T16 in the four frame periods 
from time T12 to time T16 and is displayed from time T16. The image Q8 is 
displayed over the four frame periods from time T12 to time T16. 
[0154] A next image QIO is formed by using the game progress data 93 at the 
value 1 for the time period from time T19 to time T20 in the four frame periods from 
time T16 to time T20 and is displayed from time T20. The image Q9 is displayed 
over the four frame periods from time TIO to time T20. 

[0155] Thus, in the low-speed mode, the frame image having the value 1 of the 
game progress data 93 is formed every four frame periods and is displayed over the 
four frame periods. Therefore, the game can progress on the screen at a progressing 
speed of one quarter as high as that of the ordinary mode. 
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[0156] At and after time T8 at which the vertical synchronizing signal is produced 
at first after the low-speed mode key was depressed by the player for the period from 
time T7 to time T8, on the other hand, the image Q8 is formed after the four frame 
periods and is continuously displayed for the four frame periods. As a result, the 
screen is changed to one for the low speed with a short delay after the keying 
operation of the player. 

[0157] It is assumed that the player interrupts the operation of the low-speed mode 
key midway between time T19 and time T20. In this ordinary mode, the game 
progress data 93 determined at step SI 22 in the game progress/musical tempo 
determination SI 20 (Fig. 8) are used as they are to form the frame image. For a group 
of frame periods to start from time T20, more specifically, frame images Ql 1, Q12, 
Q13 and Q14 are consecutively formed and are individually displayed after one frame 
period. As a resuh, the display in the ordinary mode is realized again. 
[0158] Here, the pattem of the display of the image at the double speed or at the 
half speed is apparent from the example of the images at the quadruple speed and the 
quarter speed so that it is not shown in Figs. 12 and 13. 

[0159] Now, in the case of the player's operation shown in Figs. 12 and 13, the play 
of a music changes, as will be described in the following. The images Ql to Q3 are 
those which are displayed in the ordinary mode. The tempo-changing mode flag 84 
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takes the value 0 for the period from time T2 to time T4, for which the music is 
played at the ordinary tempo. 

[0160] At time T4 when the first vertical synchronizing signal after the high-speed 
mode key was depressed by the player for the period from time T3 to time T4 is 
detected, the tempo-changing mode flag 84 is changed to the value for the high-speed 
mode. In the cases of Figs. 12 and 13, the acceptable speed-changing mode bit 94 is 
assumed to be at 1 so that the tempo-changing mode flag 84 is changed to 2. This 
value is kept until time T8 at which the first vertical synchronizing signal is detected 
after the low-speed mode key was depressed in place of the high-speed mode key for 
the period from time T7 to time T8. As a result, the music is played at the high-speed 
tempo (e.g., at the quadruple tempo) from time T4. 

[0161] It is at time T5 when the first image Q4 of the quadruple speed is displayed, 
but the tempo-changing mode flag 84 is changed instantly from time T4, as has been 
described before. If the game program demands the play of the music in this moment, 
the music is played at the quadruple speed. For the period from time T5 to T6, there 
is displayed the image Q4 which was formed in the ordinary mode. 
[0162] Meanwhile, therefore, the music and the displayed image do not match in 
the modes, but the period for this discrepancy is one frame period, which raises no 
serious problem against the player. If the music were changed to the high-speed 
tempo just after the high-speed mode key was depressed, the player would rather be 
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caused to feel as if the key operation was instantly reflected on the progress of the 
game. 

[0163] At time T8 after the low-speed mode key was depressed in place of the 
high-speed key by the player for the period from time T7 to time T8, the first vertical 
synchronizing signal is detected, and the tempo-changing mode flag 84 is changed to 
-2. The music is played at the low-speed tempo (e.g., at the quarter tempo). 
[0164] After not only the low-speed mode key but also the high-speed mode key 
were opened for the period between time T19 and time 20, the first vertical 
synchronizing signal is detected at time T20. Until this time T20, the value of the 
tempo-changing mode flag 84 is kept at -2. For the period from time T8 to time T20, 
therefore, the music is played in the low-speed mode, e.g., at the quarter speed in this 
case. 

[0165] It is at time T13 that the first image Q8 at the quarter speed is displayed, but 
the tempo-changing mode flag 84 is changed instantly from time T8, as has been 
described before. If the game program demands the play of music in this moment , 
the music is played at a quarter speed. 

[0166] The image for the quadruple speed is displayed over four periods for the 
period from time T8 to time T12 so that the game progresses on the screen at the low 
speed from time T8. As a result, it desirably corresponds to the mode of the displayed 
image that the tempo-changing mode flag 84 is instantly changed from time T8. 
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[0167] When both the high-speed mode key and the low-speed mode key are 
opened for the period between time T19 and time T20, the tempo-changing mode flag 
84 takes the value 0 from time T20 so that the music is played at the ordinary tempo. 
[0168] In this embodiment, the change of the play tempo of the music for 
outputting sound effects is realized in the following manners. In the case of a musical 
composition expressed by the score shown in Fig. 14, each quarter note is vocalized 
for 0.5 seconds in the ordinary tempo, as shown in Fig. 15. At the quadruple-speed 
tempo, each quarter note is vocalized for one quarter period (i.e., 0.125 seconds) of 
the vocalization time at the ordinary mode. At the double-speed tempo, each quarter 
note is vocalized for one half period (i.e., 0.25 seconds) of the vocalization time at the 
ordinary mode. At the half-speed tempo, each quarter note is vocalized for a double 
period (i.e., 1 .0 second) of the vocalization time at the ordinary mode. At the quarter- 
speed tempo, each quarter note is vocalized for a quadruple period (i.e., 2.0 second) 
of the vocalization time at the ordinary mode. 

[0169] Fig. 1 6 tabulates vocalization times of the quarter note and the eighth node 
at the various tempos. The remaining notes are also changed in the vocalization times 
at the ordinary tempo in accordance with the modes. In this embodiment, as will be 
described later, the standard tempo data at the ordinary tempo are changed according 
to the values of the tempo-changing mode flag 84 so that the vocalization times may 
be determined according to the values of the tempo data changed. 
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[0170] The plurality of musical compositions to be used in the video game are 
individually stored as sound data in advance in a sound data region 103e (Fig. 6) in 
the RAM 103. An identifier IDl (81a) is added to the sound data 81. Likewise, 

identifiers ID2, IDS, — , and so on are added to the sound data 82, 83, , and so 

on, respectively. When the individual sound data are to be used, the corresponding 
identifiers are designated. 

[0171] When an interruption occurs, there is started a sound reproduction routine 
S400, as shown in Fig. 17. This routine is started for a constant period even after the 
main processing routine SI GO was started. The interruption for the sound 
reproduction is made for every constant periods, e.g., at each two hundreds fortieth 
seconds. When the occurrence of the interruption is detected, the sound reproduction 
routine is started to decide (at step S402) whether or not the demand of a musical 
composition is demanded. 

[0172] This demand for the reproduction of the composition is made at the 
aforementioned game progressing step SI 30 (Fig. 7) suitably in accordance with the 
progress of the game. In the absence of this demand, the routine returns to step S402, 
at which the occurrence of the interruption is awaited again. In the presence of the 
demand for the reproduction of the composition, it is decided (at step S403) whether 
or not the composition designated by the demand is a new one different from the 
composition being reproduced. 
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[0173] If the demanded composition is different from that being reproduced, the 
sound data corresponding to the demanded composition are read (at step S404) from 
the sound data region 103e (Fig. 6) of the RAM 103. If the demanded composition 
is identical to that being reproduced, the sound data corresponding to that composition 
and having already being read are used as they are. 

[0174] Next, the tempo data are processed (in routine S405). In this tempo 
processing, the standard value of the tempo data is changed according to the value of 
the tempo-changing mode flag 84 (Fig. 6) to determine new tempo data. The standard 
value of the tempo data is exemplified by 120 and is used as it is as the tempo data in 
the ordinary mode. 

[0175] In this tempo processing routine S405, more specifically, it is decided (at 
step S451) whether or not the value of the tempo-changing mode flag 84 is at 0 (or 
the ordinary mode). If this value is 0, no processing is made. If the value of the 
tempo-changing mode flag 84 is not 0, it is decided (at step S451) which of 2, 1, -2 
and -1 the value is. 

[0176] Next, when the value of the tempo-changing mode flag 84 is at 2, the tempo 
data 120 is multiplied by 4 for the quadruple speed (at step S453) so that the value 
480 is obtained as the tempo data. When the value of the tempo-changing mode flag 
84 is at 1, the tempo data 120 is multiplied by 2 for the double speed (at step S454) 
so that the value 240 is obtained as the tempo data. When the value of the tempo- 
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changing mode flag 84 is at -1, on the other hand, the tempo data 120 is multiplied by 
14 for the half speed (at step S455) so that the value 60 is obtained as the tempo data. 
When the value of the tempo-changing mode flag 84 is at -2, the tempo data 120 is 
multiplied by 1/4 for the quarter speed (at step S456) so that the value 30 is obtained 
as the tempo data. 

[0177] After the tempo data processing routine (at step S405), on the basis of the 
new tempo data obtained, the tempo is changed, and the read sound data are 
reproduced, so that the demanded composition is reproduced (at step S406). 
Specifically, each of the vocalization times t of the notes contained in the sound data 
is changed according to the following Formula (1): 
t = Vocalization Time in Ordinary Tempo 

x(120/TempoData) (1). 
[0178] The vocalization times of the several notes are tabulated for the various 
modes in Fig. 16. 

Embodiment 2 of the Invention 
[0179] In the first embodiment, it has been assumed that the formation time period 
of each frame image is one frame period. However, the method disclosed in the first 
embodiment can also be applied to a video game in which the formation time period 
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of each frame image is over multiple frame periods such as two frame periods or three 
frame periods. 

[0180] When the formation time period of each frame image is two frame periods, 
for example, these two frame periods are required for forming each frame image so 
that the switching of the display in the display apparatus 20 occurs substantially every 
two periods. If the game progress of each game progress is twice as long as the game 
progress estimated by the game program, therefore, the game progress of each frame 
image the progressing speed of the game on the screen is identical to that estimated 
by the game program. 

[0181] When the formation time period of each frame image is two frame periods, 
the game progress data, as detected at step S121 in the aforementioned game 
progress/musical tempo determination SI 20 (Fig. 8), takes the value 2. According to 
the foregoing embodiment, in the ordinary mode, the game progress of each frame 
image is 2. In the ordinary mode, therefore, the progressing speed of the game on the 
screen is equal to that estimated by the game program. Thus, even when the 
formation time period of each frame image is two frame periods, the foregoing 
embodiment can be employed as it is in the ordinary mode. 
[0182] In the high-speed mode, the game progress of each frame image may be a 
product of the value at the ordinary time and the increasing rate of the progressing 
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speed. In order to realize the quadruple speed, for example, the game progress of 
each frame image may be eight times as high as that estimated by the video game. 
[0183] In the game progress/musical tempo determination SI 20 having been 
described in the first embodiment, when the formation time period of each frame 
image is two frame periods, the game progress of the frame image to be formed is 
changed to 8 at step S202 in the high-speed mode setting routine 200. When the 
formation time period of each frame image is two frame periods, therefore, even in 
the high-speed mode, the first embodiment can be employed as it is including that 
high-speed mode setting routine 200. 

[0184] When the formation time period of each frame image is two frame periods, 
in order to realize the low-speed mode, the number of times of skipping the image 
formations may be three or one as in the case in which the formation time period of 
each frame image is one frame period. However, the formation time period of one 
frame image is two frame periods, and the reset counter 95 is incremented in 
proportion to the number of the vertical synchronizing signals in the skipping 
operation so that the target value of the reset counter 95 at step S3 12 or S3 13 (Fig. 10) 
has to be twice as large as the value 3 or 1 in the first embodiment. 
[0185] After all, the target value of the reset counter 95 may be determined in 
dependence upon the value of the frame formation time period, as detected at step 
S121 in the game progress/musical tempo determination S120. 
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[0186] When the acceptable speed-changing mode bit 94 is at 1 in the image 
fomiation skipping step 310 (Fig. 10) so that the quarter speed can be used, more 
specifically, the skip target value to be compared at step S3 12 with the value of the 
reset counter 95 may be given by the following Formula: 
Skip Target Value 

= Frame Image Forming Time Period x 3 (2). 
[0187] When the acceptable speed-changing mode bit 94 is at 0 so that the half 
speed can be employed, the skip target value to be compared at step S3 13 with the 
value of the reset counter 95 may be given by the following Formula: 
Skip Target Value 

= Frame Image Forming Time Period x 1 (3). 
[0188] In either Formula, the formation time period of the frame image employs 
the value which is expressed at the unit of the frame period. 
[0189] In this embodiment, the first embodiment is thus changed and employed. 
In other words, this embodiment is different from the first embodiment only in the 
setting of the aforementioned skip target value. In this embodiment, the low-speed 
mode can be employed even when the formation time period of each frame image is 
two frame periods. 

[0190] Specifically, there are exemplified in Fig. 18 the formations and the display 
changes of the frame image having the formation time period of two frame periods. 
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Here is sequentially formed the frame image Rl or R4. The formation time period of 
each frame image is assumed to be the two frame periods. 

[0191] The time period for each frame image to be formed is described to 
correspond to one of the paired frame buffers to be stored with the frame image. The 
numerals, as parenthesized over the periods for which the individual frame images are 
formed, indicate the values of the game progresses of the frame images. The 
numerals indicating the individual frame images are arrayed on a common line. The 
numerals, as parenthesized over the periods for which the individual frame images are 
displayed, indicate the values of the game progresses of the frame images. 
[0192] As seen from Fig. 18, in the ordinary mode, if the frame images are formed 
by using the game progress twice as high as that per frame period, as estimated by the 
video game, the game progressing speed expressed by the series of frame images 
displayed is the ordinary progressing speed estimated by the video game. 
[0193] In the high-speed mode, in the case of the quadruple speed, if the frame 
images are formed by using the game progress of four times as high as that used in the 
ordinary mode (hence, the game progress of eight times as high as the game progress 
estimated by the video game), the game progressing speed expressed by the series 
frame images displayed is four times as high as that estimated by the video game. 
[0194] In the low-speed mode, in the case of the quarter speed, if the frame images 
are formed for every eight frame periods by using the game progress of four times as 
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high as that used in the ordinary mode (hence, the game progress of two times as high 
as the game progress estimated by the video game), as it is, the game progressing 
speed expressed by the frame image series displayed is one quarter as high as that 
estimated by the video game. 

[0195] As apparent from the description made thus far, this embodiment can also 
be applied to the case in which forming time period of each frame image takes another 
value such as the three frame periods. It is, therefore, found that this embodiment can 
also be applied to the case in the formation time period of each frame image is 1, 2, 
3 or more frame periods. 

[0196] As having already been described, the image formation starting time data 
92 to be used at step S121 (Fig. 8) indicate the formation starting time of the frame 
image which was formed just before the frame image to be subsequently formed. 
Therefore, the difference calculated at step S121 expresses the formation time period 
of the immediately preceding frame image at the frame period unit. In the first and 
second embodiments, it is assumed that the formation time periods of the consecutive 
frame images are equal if metered at the frame period unit. 

[0197] At step SI 22, therefore, the formation time period of the immediately 
preceding frame image is employed as it is as the formation time period of the frame 
image to be subsequently formed, and the value of the game progress of the frame 
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image to be subsequently formed is equalized to the formation time period of the 
frame image. 

[0198] As a result, even if the formation time period of the frame image is any of 
one to three frame periods or another frame period, as has been described in this 
embodiment, it is possible to form the frame image which displays the game at the 
progressing speed estimated by the program in the ordinary mode. 
[0199] In the high-speed mode, moreover, the product between the game progress 
of the frame image thus determined and the speed increasing rate is used as the game 
progress of the frame image to be formed so that the game can be progressed at the 
speed of the same times independently of the formation time period of the frame 
image. 

[0200] In the low-speed mode, moreover, if the number of times to skip the image 
formation in accordance with the foregoing Formula 2 or 3 is determined on the basis 
of the value of the game progress data 93 determined at step SI 22, the game caii be 
progressed at the same speed reducing rate independently of the formation time period 
of the frame image. 

Embodiment 3 of the Invention 
[0201] The second embodiment can also be applied to the case in which the 
formation time periods of the individual frame images constituting the video game 
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take the value of one frame period or another (e.g., greater) number of frame periods, 
if sequential formation time periods are equal to each other. 
[0202] It is the object action processing step SI 40 and the drawing step SI 50, as 
have already been described, that highly dominate the formation time period of the 
frame image. If the number of objects contained in the frame images even in the same 
game changes, the total number of polygons to be processed by those steps so that the 
formation time periods of the frame images highly change among the frame images. 
[0203] In the case of the frame image containing about three characters, for 
example, the image forming time period may reach three frame periods. In case the 
number of characters contained in the frame image is one, on the other hand, the 
image forming time period may be one frame period. It frequently happens that the 
frame images required to have different formation time periods are contained in the 
same game. 

[0204] For this video game, therefore, it is desired that the game progressing speed 
can be changed according to the operation of the player. However, the second 
embodiment can be employed in the video game in which frame images of different 
formation time periods are included. 

[0205] In such a video game, too, many consecutive frame images are generally 
formed for the same time period. Specifically, these frame images include a series of 
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frame images having an image forming time period of one frame period, and a series 
of frame images having an image forming time period of two frame periods. 
[0206] Considering such a video game, at step SI 22 (Fig. 8), the formation time 
period, as metered at step S121, of the immediately preceding frame image is 
employed as a value for estimating the formation time period of the frame image to 
be subsequently formed, and the game progress of the next frame image is deemed to 
be equal to the value for estimating the formation time period of the frame image to 
be subsequently formed. 

[0207] For the series of frame images having the same formation time period, the 
predicted values of the formation time periods of the individual frame images are 
correct. The second embodiment can be applied to the case in which the formation 
time periods of the individual frame images is the one frame period or another (e.g., 
greater) number of frame periods. Therefore, the second embodiment can realize the 
ordinary mode, the high-speed mode and the low-speed mode correctly for the 
aforementioned series of frame images. 

[0208] In the ordinary mode, more specifically, the predicted value at the unit of 
the frame period of the formation time period of the frame image to be subsequently 
formed is used as the game progress of the frame image. As a result, there is formed 
the frame image for displaying the game in the ordinary mode independently of the 
formation time period of the frame image. 
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[0209] More specifically, the period for each frame image to be displayed depends 
upon the formation period of the next frame image. In other words, the display of 
each frame image is started from the instant when the vertical synchronizing signal 
is produced after the end of the formation of the frame image, and is finished when 
the vertical synchronizing signal is produced after the formation of the next frame 
image. In short, each frame image is displayed while the next frame image is being 
produced. It is, therefore, desired that the game progress of each frame image is 
determined on the basis of the predicted value of the formation time period of the next 
frame image. 

[0210] However, it can be deduced that each frame image, the frame image just 
before (preceding frame image) and the next frame image are usually formed for the 
same formation time period. Therefore, it can be considered that the fr)rmation time 
period of the frame image just before each frame image is not only the predicted value 
of the formation time period of the frame image but also the predicted time period of 
the next frame image. In this embodiment, therefore, it can be said not only that the 
game progress of each frame image is determined by using the predicted value of the 
formation time period of the frame image but also that the game progress of the frame 
image is determined by using the predicted value of the formation time period of the 
next frame image. 
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[0211] In the high-speed mode, the product between the predicted value of the 
formation time period of the frame image to be subsequently formed and the speed 
multiplier (double, quadruple) is the game progress of the frame image. As a result, 
the frame image for displaying the game at a speed of multiple times is formed 
independently of the formation time period of the frame image. 
[0212] In the low-speed mode, moreover, the formations of the frame images are 
skipped by a number of times equal to the product between the predicted value of the 
formation time period of the frame image to be subsequently formed and the numeral 
(e.g., 3 or 1) depending upon the speed "divisor" (quarter or half). As a result, the 
frame image for displaying the gate at the same low speed independently of the 
formation time period of the frame image. 

[0213] Thus, in the second embodiment, it is found that the predicted value of the 
formation time period of the frame image to be subsequently formed is effectively 
employed. 

[0214] Here, when the formation time period of the preceding frame image and the 
formation time period of the succeeding adjacent frame image are different, the 
predicted value is incorrect on the formation time period of the succeeding frame 
image. For this succeeding frame image, therefore, the aforementioned three modes 
are not precisely realized, but the period for the frame image to be displayed is over 
several frame periods at most so that the player is not especially troubled. 
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[0215] Therefore, the second embodiment can also be appHed to the video game 
in which the frame images of different formation time periods are included. Here, the 
second embodiment could be so modified as to reduce the influences of the frame 
images having the aforementioned incorrect predicted value. 

Embodiment 4 of the Invention 
[0216] The fourth embodiment is different from the foregoing embodiments in the 
method of determining the number of frames (or the game progress extend) to be 
processed at the frame image forming time. In the foregoing Embodiments 1, 2, and 
3, when each frame image is formed, its formation time period is metered. Moreover, 
the formation time period metered is used for determining the frame number to be 
processed at the time of forming a next frame image. In the fourth embodiment, on 
the other hand, the time period for forming the frame image is estimated on the basis 
of the processing time deemed necessary for forming the frame image. Then, the 
predicted formation time period is used to determine the number of frames to be 
processed at the time of forming the next frame image. 

[0217] Specifically, the methods of the foregoing Embodiments 1, 2, and 3 make 
use of the fact that the formation time periods in the frame period units of the actually 
consecutive frame images are frequently equal. As a matter of fact, however, the 
formation time periods of the frame images temporarily change. For the formation 
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time period of the preceding frame image, therefore, the succeeding frame image 
cannot always be formed. In the Embodiment 4, therefore, the processing time at the 
frame image forming time is calculated in advance to determine the game progress 
according to the processing time. 

[0218] As has already been described, the formation time period of the frame 
image is the time period necessary for making the image data of a group of objects 
contained in the frame image. Therefore, it is also possible to use a method for 
predicting the processing time to form the images of all objects on the basis of the 
total number of polygons constituting the objects. 

[0219] The processing time for forming the frame image depends highly on the 
number of objects contained in the frame image and the total number of the polygons 
constituting the individual objects. Between the game processing step S 130 and the 
object action processing step SI 40 described already, therefore, the total number of 
the polygons of the objects to be used for forming a next frame image may be 
evaluated, and it is then decided whether or not the individual polygons or the 
individual objects will move, so that the operation for predicting the processing time 
(i.e., the amount of required processing) for forming the frame image on the basis of 
the counting result and the decided result may be made. 

[0220] The limit value of the processing time for forming the frame image within 
one frame period is predetermined, and the ratio between the predicted processing 
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time and the limit value is calculated, so that the calculated result can be used as the 
fomiation time period of the frame image at the unit of the frame period, 
[0221] The processing of Embodiment 4 will be described with reference to Figs. 
19 and 20. Step numbers in Figs. 19 and 20 are similar to those of Figs. 7 and 8, 
respectively, for the operations similar to those of Embodiment 1. 
[0222] Fig. 19 is a flow chart showing a main processing of the game progress in 
Embodiment 4. After the start of the main processing, an initialization is executed at 
first (at step SI 1 1). At the initialization, the tempo-changing mode flag 84 (as shown 
in Fig. 6) is set to 0. The value 0 of the tempo-changing mode flag 84 indicates that 
a musical composition should be played at an ordinary tempo. On the other hand, the 
acceptable speed-changing mode bit 94 (Fig. 6) is set to 1. This value 1 of the 
acceptable speed-changing mode bit 94 indicates that the game can be progressed at 
quadmple speed and one quarter speed. On the other hand, the game progress data 93 
(as shown in Fig. 6) are set to 1. This value 1 of the game progress data 93 indicates 
that the frame image of one frame is formed for one frame time period. 
[0223] After the end of the initialization, the game is progressed (at step S 1 30). In 
this game progress, the moving direction or the like of the character is determined in 
response to the operation input of the player. After the end of the game progress, the 
game progress/musical tempo determination is executed (at step SI 80). In this game 
progress/musical tempo determination, the game progressing time and the musical 
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tempo are determined according to the total number of polygons to be displayed and 
the operation input. The determination of the game progress/musical tempo in the 
fourth embodiment will be described in detail 

[0224] After the end of the determinations of the game progress/musical tempo, it 
is decided (at step SI 28) whether or not the game progress data are at 0. If the game 
progress data are at 0 (on the YES route of step SI 28), the routine transfers to step 
SI 60. If the value of the game progress data is other than 0 (on the NO route of step 
SI 28), on the contrary, an object action processing is executed (at step S140). The 
detail of this processing is similar to that of Embodiment 1, as shown in Fig. 1 1 . Next, 
each object is drawn (at step SI 50). After the end of drawing the object, it is decided 
(at step SI 60) whether or not the vertical synchronizing signal has been made. 
[0225] If the vertical synchronizing signal is not produced (on the NO route of step 
SI 60), the operation of step SI 60 is repeated. If the vertical synchronizing signal is 
produced (on the YES route of step SI 60), it is decided (at step S161) whether or not 
the value of the game progress data is at 0. If the value of the game progress data is 
at 0 (on the YES route of step S 161), the routine transfers to step SI 30. If the value 
of the game progress data is other than 0 (on the NO route of step S 161), the frame 
buffers are switched (at step SI 70). After the switching of the fi-ame buffers, the 
routine transfers to step S 1 3 0. 
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[0226] Here will be described the detail of the game progress / musical tempo 
determination in the fourth embodiment. Fig. 20 is a flow chart showing the game 
progress / musical tempo determinations in the fourth embodiment. This processing 
is executed after the game progressing (at step S 130) in the main routine of the game. 
[0227] In the game progress / musical tempo determinations, the predicted value 
of the forming time period for forming a frame image next is calculated at first (at 
step SI 81). For example, there is calculated the total number of polygons of objects 
to be used for forming the frame image next. Moreover, the calculated total number 
of polygons is divided by the number of polygons to be displayed per one preset frame 
period (the remainder is carried). The result of this division becomes the predicted 
value of the time period for forming the frame image. This predicted value is a 
prediction how many times of the frame period is required for forming the next frame 
image. 

[0228] The calculated predicted value is set in the game progress data (at step 
S 1 82). After this, it is decided (at step S 1 24) whether or not the high-speed mode key 
is depressed. If the high-speed mode key is depressed (on the YES route of step 
SI 24), the high-speed mode is set (at step S200). The detail of the high-speed mode 
setting is similar to that of Embodiment 1, as shown in Fig. 9. After the end of the 
high-speed mode setting, the routine advances to step SI 28 of the main processing (as 
shown in Fig. 19). 
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[0229] If the high-speed mode key is not depressed (on the NO route of step S 1 24), 
it is decided (at step SI 25) whether or not the low-speed mode key is depressed. If 
the low-speed mode key is depressed (on the YES route of step SI 25), the low-speed 
mode is set (at step S300). The detail of this low-speed mode setting is similar to that 
of Embodiment 1, as shown in Fig. 10. After the end of the low-speed setting, the 
routine advances to step S I 28 of the main processing (as shown in Fig. 19). 
[0230] If the low-speed mode key is not depressed (on the NO route of step S 125), 
the tempo-changing mode flag is set to 0 (at step S126). After this, the routine 
advances to step S 128 of the main processing (as shown in Fig. 19). 
[0231] The predicted value is set to the game progress data, as has been described 
hereinbefore, it is determined according to the predicted value what frame after the 
frame image is to be displayed at the display timing of the next frame image. 
Specifically, the number of frames (or the game progressing time) to be processed at 
the time of forming the frame image is determined according to the progressing time 
based on the polygon number at the frame image forming time, 
[0232] When the formation time period of the immediately preceding frame image 
is used as the predicted value of the formation time period of the next frame image, 
as has akeady been described in connection with Embodiment 1, the predicted value 
may be different from the actual formation time period of the frame image. As a 
result, when those frame images are displayed on the screen, the game progressing 
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speed expressed by the frame images is different from that estimated by the game 
program. 

[0233] In embodiment 4, the formation time period of each frame image is 
predicted on the basis of the content of the frame image. The calculation of the 
predicted value is performed to make the predicted value larger than the value of the 
actual frame image forming time period so that the formation of the frame image can 
be prevented from taking a longer time than estimated. As a result, it is possible to 
eliminate the change in the game progressing speed, as might otherwise be caused by 
the failure of the prediction. 

[0234] In Figs. 21 A, 21 B and 21C, there are illustrated examples of the changes 
in the screens, as displayed in the foregoing several embodiments. In these Figures, 
letter T (T is a positive real numeral) indicates the frame period, and images 71, 72, 
73, 74 and 75 are schematic images which are formed for one frame period and 
displayed sequentially by switching them for the individual frame periods in the 
ordinary mode. In Figs. 21A, 21B and 21C, the individual images are indicated by 
"A", "B", "C", "D" and "E". As a matter of fact, however, the images displayed are 
game images containing characters and so on. 

[0235] In the ordinary mode, when the image 71 of "A" is formed and displayed 
at time tl, the image 72 of "B" is formed in parallel with the display of the image 71, 
and at time t2 after the image 71 was displayed for one frame period, the image 72 of 
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"B" is displayed. Likewise, the image 73 of "C", the image 74 of "D", the image 75 
of "E" are consecutively displayed for one frame period. 

[0236] In the double-speed mode, on the other hand, the image 71 of "A" is formed 
and is displayed at time tl . When a next image is formed from time tl in parallel with 
the display of the image 71, the game progress is so determined that the image 73 of 
"C" to be intrinsically displayed two frames before in the ordinary mode is formed. 
At time t2 after lapse of one frame period from time tl , therefore, the image 73 of "C" 
is displayed. Likewise, the image 75 of "E" is displayed at time t3. Thus, the 
changing speed of the letter images on the screen is two times as high as that of the 
ordinary mode. 

[0237] In the half-speed mode, on the contrary, for the one period to start from 
time tl when the image 71 of "A^^ was displayed, the game progress is at 0, and the 
formation of the next image is skipped. At time t2, therefore, no new image is 
displayed, but the image 71 of "A" is continuously displayed. From time t2, the image 
to be subsequently displayed is formed. In this case, the enlarged image 72 of "B" is 
formed and displayed from time t3. Thus, at two frame periods after time tl when the 
enlarged image 71 of "A" was displayed, the next enlarged image 72 of "B" is 
displayed. Likewise, at time t5 when two frame periods have elapsed after the display 
of the enlarged image 72 of "B", the enlarged image 73 of "C" is displayed. Thus, the 
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changing speed of the letter images on the screen is one half as high as that of the 
ordinary mode. 

[0238] In the foregoing several embodiments, as apparent from the description 
made thus far, the high-speed mode is reahzed by changing not the formation period 
of the series of frame images but the game progress of the frame images in response 
to the operation of the player at the time of forming the frame images. Moreover, the 
low-speed mode is realized by skipping the formation[s] of the frame images. As a 
result, the progressing speed different from the ordinary one can be realized at the 
timing preferred by the player and in quick response to the operation of the player. 
Moreover, the various game progressing speeds can be realized independently of the 
value of the formation time period of the individual frame images. 
[0239] Here, the invention should not be limited to the four embodiments thus far 
described but could naturally be suitably corrected or modified in the embodiments 
without departing from the gist thereof 

[0240] In the four embodiments, for example, in the low-speed mode, there are 
repeated the operations in which the image formation is skipped a predetermined 
number of times and in which one frame image is then formed. However, the 
sequence of the skipping and forming operations may be reversed so that one frame 
image is formed and the image formation is then skipped by the predetermined 
number of times. 
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[0241] According to the method for skipping the image formation to realize the 
low-speed mode, the switching period of the image to be displayed is elongated so 
that the flicker of the image accordingly increases. This method can be replaced by 
a method in which the game progress of each image is reduced without skipping the 
image formation. 

[0242] In the case of the frame image having the formation time period of two 
frame periods, for example, when the frame image is to be displayed in the ordinary 
mode, it may be given a game movement twice as large as the game progress 
estimated by the game program, as has been described, in connection with the second 
embodiment. 

[0243] In order to reduce the game progressing speed for realizing such frame 
image to one half of that in the ordinary mode, the formation period of the frame 
image need not be changed if the game progress of each frame image is reduced to 
one half of that in the ordinary mode. In short, the game progress may be equalized 
to that estimated by the program. 

[0244] Thus, the method for realizing the low-speed mode by reducing the game 
progress of the frame image to be formed without any skipping can be applied to the 
case in which the formation time period is different from two frame periods and in 
which the speed increasing rate is different from one half. When the formation time 
period is one frame period and when the speed increasing rate is one quarter, for 
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example, the game progress of each frame image may be set to one quarter of the 
ordinary game progress. 

[0245] In the first and second embodiments, therefore, if the quadrupling operation 
and the doubling operation for the quadruple speed and the double speed are changed 
into a quartering operation and a halving operation, the quarter speed and the half 
speed can be realized by the same method as that for realizing the quadruple speed 
and the double speed. On the other hand, the features and effects on the quadruple 
speed and the double speed are also retained on the quarter speed and the half speed. 
These discussions are likewise applied to the speeds other than the quarter and half 
speeds. 

[0246] It is natural that one of the aforementioned quadruple speed and half speed 
may be omitted. Likewise, one of the quarter speed and the half speed may be 
omitted. As in the embodiments, however, it is desired for the player that the speeds 
are automatically changed in response to the screen to be formed. 
[0247] On the other hand, the times of the speed may be different from those of the 
embodiments. The quadruple speed may be replaced by a higher speed such as a 
quintuple speed. Likewise, the double speed may be replaced by a higher speed such 
as a triple speed. 
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[0248] Likewise, the quarter speed may be replaced by a lower speed such as a 
one-fifth speed. Likewise, the half speed may be replaced by a lower speed such as 
a one-third speed. 

[0249] In the foregoing embodiments, on the other hand, when the game is 
progressed at a low speed, the game progress data are held at "0" for a constant 
period. By another method, however, the main processing routine may be interrupted 
for a constant time period. In the low-speed mode setting routine shown in Fig. 10, 
for example, the tempo-changing mode flag change S320 is executed without 
operating the game progress data, and the input of the vertical synchronizing signals 
of a constant time is then awaited. In this meantime, the main processing routine is 
stopped. 

[0250] If the acceptable changing mode is at 1 , one production of the new vertical 
synchronizing signal is awaited, and the operation of step SI 27 (Fig. 7) of the main 
processing routine is started when the vertical synchronizing signal is produced. If 
the acceptable changing mode is at 2, on the other hand, three productions of the new 
vertical synchronizing signal is awaited, and the operation of step SI 27 (Fig. 7) of the 
main processing routine is started when the third vertical synchronizing signal is 
produced. In this case, the operations of step SI 27 and step SI 61 are not required. 
[0251] Thus, as in the first embodiment, each object is enabled to act at a lower 
speed than that intended by the program. 
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[0252] In the foregoing embodiments, the value of the acceptable speed-changing 
mode bit 94 is deteraiined according to the kind of the image to be formed by the 
game program. Without any decision of the player on the kind of the game screen, 
therefore, a proper speed is automatically determined. This is convenient for the 
player. 

[0253] The value of the acceptable speed-changing mode bit 94 may be changed 
by another method. For example, this value may be changed according to the scene 
to which the frame image to be formed belongs. Alternatively, the value may be 
determined with another reference. For example, the value may be determined 
according to the number of characters to appear in the frame image. Altematively, 
the value may be determined in dependence upon the presence or absence of the 
character in the frame image. 

[0254] As the case may be, the player may designate the value of the acceptable 
speed-changing mode bit. There may be provided a key for the player to designate 
the value. Without using the acceptable speed-changing mode bit 94, moreover, a 
group of keys corresponding to different speeds may be prepared as the high-speed 
mode keys. 

[0255] In the embodiments, the formation time period of each frame image is 
metered by counting the number of the vertical synchronizing signals to be produced 
while the frame image is being formed. However, there can be used another clock 
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signal contained in the computer. In this case, it is generally necessary to determine 
the ratio between the formation time period of each frame image and one frame 
period. 

[0256] The computer constructing the game device thus far exemplified in the 
foregoing embodiments of the invention may be provided with a logic circuit for 
executing a partial ftinction of the game program used therein. Moreover, this game 
program may be accordingly changed to change the method for executing the 
fimctions used therein. 

[0257] In the foregoing embodiments of the invention, the input device and the 
display apparatus are provided separately from the game device. However, the input 
device and/or the display apparatus may be integrated with the game device. 
Moreover, the recording medium to be used in the game device may be assembled not 
removably but fixedly in the game device. 

[0258] The recording medium according to the invention or the recording medium 
to be used in the game device according to the invention should not be limited to the 
CD-ROM but may be any medium that can be read by the computer, such as a DVD, 
a magnetic recording medium, a semiconductor memory or another optical recording 
medium. 

[0259] In the foregoing embodiments, the household game device is used as the 
platform, but the game device according to the invention may be realized by using a 
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general-puqjose computer such as a personal computer or an arcade game machine 
as the platform. On the other hand, the game device may also be realized by using a 
communication terminal such as a mobile telephone, a mobile information terminal 
or a car navigation system as the platform. 

[0260] According to the invention, the game progressing speed of the video game, 
as displayed on the screen, can be changed according to the operation of the player. 
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